Enteroviral infection can lead to dilated cardiomyopathy (DCM), which is a major cause of cardiovascular mortality worldwide. However, the pathogenetic mechanisms have not been fully elucidated. Serum response factor (SRF) is a cardiac-enriched transcription regulator controlling the expression of a variety of target genes, including those involved in the contractile apparatus and immediate early response, as well as microRNAs that silence the expression of cardiac regulatory factors. Knockout of SRF in the heart results in downregulation of cardiac contractile gene expression and development of DCM. The goal of this study is to understand the role of SRF in enterovirus-induced cardiac dysfunction and progression to DCM. Here we report that SRF is cleaved following enteroviral infection of mouse heart and cultured cardiomyocytes. This cleavage is accompanied by impaired cardiac function and downregulation of cardiac-specific contractile and regulatory genes. Further investigation by antibody epitope mapping and site-directed mutagenesis demonstrates that SRF cleavage occurs at the region of its transactivation domain through the action of virus-encoded protease 2A. Moreover, we demonstrate that cleavage of SRF dissociates its transactivation domain from DNA-binding domain, resulting in the disruption of SRF-mediated gene transactivation. In addition to loss of functional SRF, finally we report that the N-terminal fragment of SRF cleavage products can also act as a dominant-negative transcription factor, which likely competes with the native SRF for DNA binding. Our results suggest a mechanism by which virus infection impairs heart function and may offer a new therapeutic strategy to ameliorate myocardial damage and progression to DCM.
Introduction
Enteroviruses, such as coxsackievirus B3 (CVB3), are among the most prevalent and well-studied etiological agents associated with viral myocarditis, an inflammatory disease of the myocardium [1, 2] . Viral myocarditis can lead to reduced cardiac function and the progression to dilated cardiomyopathy (DCM), which is an important cause of cardiovascular mortality worldwide, particularly in children [1, 2] . However, the mechanism underlying progression from acute infection to development of a dilated cardiac phenotype is not fully understood.
Enteroviral-encoded proteases have been recognized as important pathogenic factors contributing to the development of DCM. Enterovirus encodes viral proteases 2A and 3C, which cleave multiple host proteins essential for the maintenance of cellular architecture, protein translation, transcription, and cell signaling in addition to the processing of viral polyprotein [1] . Transgenic mice with cardiac-restricted expression of protease 2A develop severe cardiac dysfunction and DCM [3] . Disruption of the dystrophin-glycoprotein complex through dystrophin cleavage has been proposed as one important mechanism in the progression of DCM [4] . However, dystrophin-Jerry Wong et al. 361
npg null mice do not develop equally severe cardiomyopathy [5, 6] as observed in 2A transgenic mice, suggesting that other molecular targets may also exist and contribute to the viral pathogenesis. Serum response factor (SRF) is a member of the MADS (MCM1, Agamous, Deficiens, and SRF) box superfamily of transcription factors. It binds to serum response element (SRE, also known as CArG box (CC(A/ T) 6 GG)) and is associated with the regulation of a variety of target genes, including immediate early, contractile, and microRNA (miRNA) genes [7] [8] [9] . A genome-wide search for SRF targets has identified approximately 1 200 genes, which contain single or more copies of this consensus SRE sequence in their promoter regions (termed CArGome) [10] . More than 250 of these genes have been validated [10] .
SRF is highly expressed in cardiac muscle and plays a central role in cardiac development and function by regulating genes for cardiac contractile and regulatory proteins as well as silencer miRNAs [11] [12] [13] [14] . Recent studies have identified several miRNAs as targets of SRF in the heart, which include miR-486 [15] , miR-133a [11, 14] , and miR-1 [16] . Expression of these miRNAs controls heart development and function by repressing the expression of cardiac regulatory proteins. In mice, cardiacspecific knockout of SRF gene is embryonic lethal due to defects in cardiogenesis [12, 14, 17] . Using the Cre/ LoxP system, disruption of SRF gene in adult heart leads to impaired cardiac function, subsequently progressing to DCM [18] . Furthermore, we have previously reported that cleavage of SRF by caspase-3 plays an important role in the progression of human heart failure [19] .
The objective of the present study is to elucidate a potentially novel molecular mechanism involved in the impaired heart function and development of DCM. Here we demonstrate that SRF is cleaved during CVB3 infection through the action of viral protease 2A. Such cleavage leads to the dissociation of the DNA-binding domain of SRF from its transactivation domain, resulting in the disruption of SRF-mediated gene transactivation and the generation of a dominant-negative transcription factor, which competes with the native SRF for DNA binding. Our results suggest an important mechanism by which CVB3 damages cardiac function and leads to subsequent DCM.
Results

Cardiac function and cardiac gene expression following CVB3 infection
The mouse model of myocarditis has been well characterized and commonly used to study target organ injury during CVB3 infection [20, 21] . Two-dimensional echocardiography was performed to assess functional alterations in CVB3-infected mouse hearts. As shown in Figure 1A , virus-infected mice displayed cardiac dysfunction, evidenced by a significant reduction in left ventricular posterior wall (LVPW) thickening and ejection fraction.
Heart failure has been associated with the reduction of a broad range of cardiac-specific genes [22] [23] [24] . To determine the cardiac gene expression, we performed microarray analysis of CVB3-infected mouse hearts and real-time RT-PCR examination of CVB3-infected cardiomyocytes. Affymetrix array analyses demonstrated a marked reduction in the expression of several cardiacspecific contractile and regulatory genes ( Figure 1B) . See Supplementary information, Table S1 for complete list of Affymetrix gene expression data. Quantitative RT-PCR results in Figure 1C also demonstrate downregulation of several cardiac genes, including ANP, β-MHC, GATA-4, MEF-2, and NFAT, in CVB3-infected cardiomyocytes.
Expression levels of SRF following CVB3 infection
As alluded to earlier, SRF is a cardiac-enriched transcription factor, regulating the expression of numerous cardiac-specific genes. To explore whether downregulation of cardiac genes is associated with dysregulation of SRF, we examined the expression levels of SRF during CVB3 infection. Using an antibody against the C-terminus of SRF, we found that CVB3 infection of mouse cardiomyocytes ( Figure 2A , top panel) and hearts ( Figure  2D ) led to marked decreases in the protein expression of SRF (~67 kDa), accompanied by the appearance of ~20 kDa fragments. To validate the results, we used an antibody against the N-terminus of SRF (Novus Biologicals). As shown in Figure 2A bottom panel, an extra band at the molecular weight of ~50 kDa was detected in addition to the full-length SRF following CVB3 infection of mouse cardiomyocytes at 20 h and 24 h. These data suggest that SRF is potentially cleaved during CVB3 infection to generate two cleavage products of approximately 50 and 20 kDa, respectively. We further examined the distribution of SRF following CVB3 infection of mouse cardiomyocytes using anti-C-terminal SRF antibody. Figure 2B showed that SRF was redistributed from the nucleus to the cytoplasm in CVB3-infected cells, whereas it remained in the nucleus of sham-infected cells.
Real-time RT-PCR was also carried out to examine the gene expression of SRF after CVB3 infection of mouse cardiomyocytes. The results in Figure 2C demonstrate unchanged mRNA levels of SRF following CVB3 infection, suggesting that the reduced protein expression of full-length SRF is unlikely due to decreased gene expres- sion, but rather protein cleavage.
Cleavage of SRF following CVB3 infection
To further confirm cleavage of SRF, we utilized a HeLa cell line, a well-characterized model in CVB3 investigations amenable for transfection with plasmids. HeLa cells which express low levels of endogenous SRF were transiently transfected with a 3×FLAG-tagged SRF construct for 48 h followed by CVB3 infection for 7 h. Western blot was performed using anti-FLAG antibody or anti-C-terminal SRF antibody, which showed two cleavage products with molecular weights of ~50 and ~20 kDa, respectively ( Figure 3 ). These results correspond well with our observation on endogenous SRF cleavage shown in Figure 2A .
Caspase-mediated SRF cleavage, which yields a 32-kDa protein fragment, has been reported in both noncardiac and cardiac cells [19, 25, 26] . To determine whether caspases are involved in CVB3-induced cleavage of SRF, we treated cells with z-VAD-fmk, a general caspase inhibitor. As shown in Figure 4 , following CVB3 infection of SRF-transfected cells (lane 6), two cleavage products (~50 and ~40 kDa using anti-N-terminal FLAG antibody and of ~30 and ~20 kDa using anti-Cterminal SRF antibody) were detected. With addition of z-VAD-fmk (lane 7), the levels of the ~40 kDa (upper CVB3-or sham-infected mouse hearts (n = 4 for each group, pooled) at 9 days pi were collected for Affymetrix array analysis. Gene changes in intensity (averages of two replicates of the microarray analysis) were plotted as a ratio of CVB3-to shaminfected hearts for visualization. Only genes that exhibited a 1.8-fold change (log 2 ) or greater were included. MHC, myosin heavy chain; MLC, myosin light chain. (C) Murine HL-1 cardiomyocytes were sham-or CVB3-infected for 24 h. Real-time quantitative RT-PCR was performed to examine the expression of indicated genes. The gene expression was normalized to GAPDH mRNA, and then displayed as fold changes compared to sham infection (mean ± SD, n = 3). ANP, atrial natriuretic peptide; MEF2, myocyte enhancer factor 2; NFATc, nuclear factor of activated T cells.
Jerry Wong et al. are likely due to transfection-induced cytotoxicity. It was noted that inhibition of caspase activation did not prevent the production of the ~50 kDa (lane 7, upper panel) and the ~20 kDa (lane 7, middle panel) fragments, suggesting that these cleavages are independent of caspase activation. Taken together, our results suggest that SRF is cleaved during CVB3 infection by viral protein and caspases at two different sites. Since caspase activation is a late event during viral infection, downregulation of cardiac genes in CVB3-infected mouse heart and cardiomyocytes may be mainly attributable to viral proteasemediated SRF cleavage.
Identification of SRF cleavage site during CVB3 infection
As illustrated in Figure 5A , SRF protein consists of two major domains: the SRE DNA binding and dimeriza- HL-1 cells were infected with CVB3 for 20 h, double-immunocytochemical staining was then performed using anti-C-terminal SRF antibody and anti-VP1 antibody to examine the expression and localization of SRF (red) and viral protein VP1 (green), respectively. The nucleus was counterstained with DAPI (blue). (C) Gene expression of SRF after CVB3 infection. RNA samples were extracted from HL-1 cardiomyocytes at 24 h following CVB3 infection. Gene levels of SRF were measured by real-time quantitative RT-PCR and normalized to GAPDH mRNA (mean ± SD, n = 3). (D) SRF expression in A/J mouse heart following 3 and 9 days of CVB3 infection. Heart extracts were used for western blot analysis of protein expression of SRF (using an anti-C-terminal SRF antibody) and GAPDH (loading control). Left panels, levels of SRF were quantitated by densitometric analysis using NIH ImageJ V1.43, normalized to GAPDH, and presented as mean ± SD. Right panels, representative western blot of SRF expression in mouse heart at 9 days post infection. tion domain (amino acids 133 to 222) and the transactivation domain (amino acids 339 to 508). Computer prediction algorithm for cleavage sites by enteroviral proteases (NetPicoRNA V1.0 algorithm) revealed potential 2A protease site, which results in two products of ~50 and ~20 kDa ( Figure 5A ), consistent with the SRF fragments detected in CVB3-infected cells. First, we examined whether SRF can be cleaved by viral protease 2A. Figures 5B and 5C showed that overexpression of 2A resulted in two cleavage products of FLAG-tagged SRF with the molecular weights similar to those observed during CVB3 infection. This study suggests that CVB3 induces SRF cleavage through the action of viral protease 2A.
To confirm the cleavage site predicted by the computer algorithm, we constructed a SRF point mutant, in which the G residue at position 349 was replaced with E (G349E), by site-directed mutagenesis. However, we found that this mutant was still susceptible to cleavage during infection ( Figure 6B, upper) . To further identify the cleavage site of SRF, we constructed three deletion mutants and a series of point mutation plasmids (data not shown). We found that the G327E mutant was resistant to CVB3-induced cleavage ( Figure 6B , lower), suggesting that SRF is cleaved after T326. Although this cleavage site is not predicted by the NetPicoRNA program, amino acid sequence alignments of SRF with other known 2A substrates at the cleavage region revealed a similar cleavage motif ( Figure 6C ).
Cellular localization and transcriptional function of CVB3-mediated SRF cleavage fragments
To understand the functional significance of CVB3-induced SRF cleavage, we generated two constructs Figure 3 Cleavage of SRF following CVB3 infection. HeLa cells were transiently transfected with a plasmid expressing 3×FLAG-SRF for 48 h, followed by CVB3 infection for 7 h. (A) Schematic diagram of the 3×FLAG-SRF construct and western blot detection of SRF with the antibodies described in B and C. Western blotting was performed to examine protein expression of viral protein VP1, β-actin (loading control), and SRF using an anti-FLAG antibody that recognizes the N-terminus of SRF (B) or using an anti-C-terminal SRF antibody (C). NS, nonspecific bands.
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npg expressing the N-and C-terminal SRF fragments, respectively. We showed that the SRF-N truncate harboring a DNA-binding domain and a nuclear localization signal was localized to the nucleus in both HeLa cells ( Figure  7A ) and HL-1 cardiomyocytes ( Figure 7B ) as expected, whereas SRF-C which carries a transcriptional activation domain was distributed in the cytoplasm ( Figure 7A ) or in both cytosol and nucleus ( Figure 7B ). To determine the transcriptional activities of cleaved or non-cleavable SRFs, HeLa cells ( Figure 7C ) and HL-1 cardiomyocytes ( Figure 7D ) were transiently cotransfected with Firefly luciferase reporter construct containing cardiac α-actin promoter together with plasmids encoding full-length, truncated, or non-cleavable SRFs and LacZ (control). As displayed in Figure 7C and 7D, the cardiac α-actin promoter activities were strikingly increased with the addition of wild-type and non-cleavable forms of SRF. However, both SRF-N and SRF-C mutants lost their gene transcriptional functions. Our results suggest that CVB3-induced cleavage of SRF leads to the disruption of SRF-mediated gene transactivation.
In addition to loss of function of SRF, the presence of SRF cleavage products may themselves have detrimental effects on the function of native SRF. The N-terminal fragment of SRF contains an intact DNA-binding domain but lacks the C-terminal transactivation domain.
To test whether this fragment can act as a dominantnegative competitor to full-length SRF, we co-transfected wild-type SRF together with SRF-N and SRF-C mutants in the presence of cardiac α-actin reporter and Renilla luciferase control plasmids into HeLa cells ( Figure 7C ) and HL-1 cardiomyocytes ( Figure 7D ). We demonstrated that the SRF-N mutant significantly decreased wildtype SRF-induced promoter activities of cardiac α-actin, suggesting a negative regulatory role of this mutant in regulating SRF function probably by competing for DNA binding.
Effects of CVB3-mediated SRF cleavage on viral replication
Viruses usually utilize or modulate the host cell infrastructure for their own replication. To test whether cleavage of SRF is beneficial to viral propagation within the host cells, finally, we examined the influences of SRF cleavage on viral replication. Figure 8 showed that neither knockdown of SRF nor overexpression of wild-type or truncated SRFs affects viral replication, suggesting that cleavage of SRF may not contribute directly to viral benefits.
Discussion
Enteroviral proteases have been recognized as an important contributor to viral pathogenesis and resultant myocardial dysfunction via the cleavage of important host proteins. Using a Cre/LoxP-inducible system, it has been shown that transgenic mice with cardiac-specific overexpression of protease 2A develop severe cardiac dysfunction and DCM [3] . Experimental evidence from cell culture and cell-free in vitro studies demonstrates that viral protease 2A induces the cleavage and functional impairment of dystrophin [4] . Dystrophin connects the cytoskeletal actin-binding site to the β-dystroglycan extracellular matrix anchor, thus its cleavage leads to the disruption of the cytoskeletal architecture. It is therefore proposed that protease 2A-induced DCM is associated with disrupted myocyte integrity via the cleavage of dystrophin [4] . However, the mdx (dystrophin deficient) mice display a relatively mild dilated phenotype. This is attributed to the compensatory upregulation of the dystrophin homolog utrophin, as evidenced by severe dystrophic phenotype in mice with double knockout of utrophin and dystrophin [5, 6, 27, 28] . Previous study has shown that CVB3 infection does not lead to cleavage of utrophin [4] , thus the DCM phenotype induced by dystrophin cleavage may be dampened by the compensatory effect of utrophin in the CVB3-infected heart. All of these suggest that dystrophin cleavage alone may not Figure 4 Effect of caspase inhibition on CVB3-induced cleavage of SRF. HeLa cells were transiently transfected with a plasmid expressing 3×FLAG-SRF or an empty vector for 48 h, followed by CVB3 infection for 7 h in the presence or absence of z-VADfmk (50 µM), a pan caspase inhibitor. Western blotting was performed to examine protein expression of SRF (top, using anti-FLAG antibody; middle, using anti-C-terminal SRF antibody), viral protein VP1, and β-actin (loading control). The major findings of this study are as follows: (1) cardiac-specific contractile and regulatory genes are downregulated in CVB3-infected mouse heart and cardiomyocytes, (2) SRF is cleaved by viral protease 2A during CVB3 infection, and (3) cleavage of SRF leads to the disruption of SRF-mediated gene transactivation and production of a dominant-negative competitor to native SRF. These findings suggest that SRF cleavage may contribute to cardiac dysfunction and subsequent progression to DCM in enteroviral myocarditis by disturbing the expression of cardiac contractile and regulatory genes.
Microarray studies in human end-stage heart failure revealed a significant downregulation of numerous cardiac genes, including genes with SRF-binding sites, implicating an important role of SRF in the progression of heart failure [22] [23] [24] . In the present study, we provide the first evidence that cardiac-specific genes are also downregulated in enterovirus-infected heart and cultured cardiomyocytes. All these genes shown in Figure 1 have either been previously reported to be targets of SRF or contain SREs in their promoter regions [10, 29, 30] .
It was reported that expression of an alternatively spliced SRF variant lacking portions of the transactivation domain is markedly increased in human and animal # Surface exposure scores above 0.500 are predicted as surface exposed sites. (B, C) HeLa cells were transiently transfected with 3×FLAG-tagged SRF construct for 48 h, followed by additional transfection with either empty vector (control) or viral protease 2A plasmid for another 48 h. Western blotting was performed to examine protein expression of SRF using anti-FLAG antibody (B) that recognizes the N-terminus of SRF, or by anti-C-terminal SRF antibody (C). The 2A proteolytic activity was confirmed by the cleavage of eIF4γ. Expression of β-actin was shown as a loading control. NS, nonspecific bands.
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npg failing hearts [31, 32] . This isoform functions as a dominant-negative mutant that inhibits SRF-dependent activation of cardiac muscle genes. Interestingly, our recent report showed that SRF cleavage also occurs in myocytes of severely failing human hearts. Increased caspase activity during heart failure induces the cleavage of SRF, producing a truncated protein that lacks the C-terminal transactivation domain, and acts as a dominant inhibitory transcription factor, similar to the alternatively spliced variant [19] . These studies suggest that decreased production of full-length SRF, or increased accumulation of truncated SRF, may downregulate SRF-dependent genes and contribute to the progression of severe heart failure.
In this study, we have identified a new cleavage site in SRF by viral protease 2A during virus infection and demonstrated a dominant-negative effect of the cleaved SRF on the expression of cardiac genes. Coxsackievirus infection of heart results in focal lesions accompanied by severe fibrosis. Interestingly, recent research on mosaic regional inactivation of SRF in mouse hearts was found to be sufficient in inducing focal lesions and resulting in fatal DCM [33] . In these mice, wild-type cardiomyocytes adjacent to the SRF-null myocytes undergo compensatory hypertrophy, which further triggers a hypertrophic response in remote wild-type cardiomyocytes to preserve cardiac output. This mosaic SRF inactivation model provides some insights into the possible pathophysiological consequences of non- functional SRF and dominant-negative SRF truncates presented in patches of CVB3-infected cardiomyocytes and their subsequent influences on the disease progression and outcome.
Overexpression of SRF has also been associated with cardiac hypertrophy. Transgenic mouse studies showed that the cardiac-specific overexpression of SRF induces a pattern of fetal gene re-expression similar to that observed in cardiac hypertrophy and subsequently causes a severe hypertrophic phenotype [34] . Therefore, in the future, establishment of a knockin mouse model expressing non-cleavable SRF in the heart will be crucial to determine whether this form of SRF can rescue cardiomyocytes from CVB3-induced dysfunction.
In conclusion, our results provide new insights into the mechanisms by which virus infection impairs heart function and may further the development of new therapeutic approaches to ameliorating myocardial damage and progression to DCM.
Materials and Methods
Cell culture and in vitro CVB3 infection
The HL-1 cell line, a murine cardiac muscle cell line established from an AT-1 mouse atrial cardiomyocyte tumor lineage, was a generous gift from Dr William C Claycomb (Louisiana State University Medical Center, USA). Cells were plated and maintained in Claycomb medium (JRH Biosciences) supplemented with 10% fetal bovine serum, 100 µg/ml penicillin-streptomycin, 0.1 mM norepinephrine in ascorbic acid, and 2 mM l-glutamine as described previously [35] . 
In vivo CVB3 infection and heart functional measurements
Male A/J mice at the age of ~5 weeks were either infected intraperitoneally with 10 5 plaque-forming unit (p.f.u.) of CVB3 or sham infected with PBS for 3, 9, and 30 days. Heart function was measured before infection (day 0) and on days 3, 9, and 30 after CVB3 infection using two-dimensional echocardiography (Sonos 5500, Philips) with a 12 MHz S-12 probe (Sonos 5000). Parasternal long and short axis images at the level of the mitral valve and papillary muscles were taken and these measurements were normalized to changes in body weight and then utilized for calculation of functional parameters. All measurements were averaged for five consecutive cardiac cycles.
This study was carried out in strict accordance with the recommendations in the Guide for the Care and Use of Laboratory 
Affymetrix array analysis
Hearts were harvested at 9 days following CVB3 infection and total RNA was isolated from mouse ventricular tissue using the RNeasy ® isolation kit (Qiagen) and pooled (n = 4 for each group). Samples were hybridized to a custom mouse GeneChip ® (Amgen) based on the Affymetrix GeneChip ® Expression Analysis Technical Manual (Affymetrix). In vitro transcription was performed using an ENZO Bioarray TM HighYield TM RNA Transcript Labeling kit as per the manufacturer's instructions. Arrays were washed in the Affymetrix Fluidics Station 450, stained with a streptavidin phycoerythrin solution and scanned using a HP Agilent GeneArray ® Scanner.
Western blot analysis
Protein concentrations of cell or tissue lysates were determined by the Bradford assay (Bio-Rad Laboratories). Equal amounts of protein were subjected to SDS-PAGE and then transferred to a nitrocellulose membrane. The membrane was blocked with 5% non-fat dry milk solution containing 0.1% Tween-20 for 1 h. Afterwards, the membrane was probed for 1 h with the primary anti- body, followed by incubation for 1 h with horseradish peroxidaseconjugated secondary antibody. Immunoreactive bands were visualized with enhanced chemiluminescence (SuperSignal).
The following antibodies were utilized: monoclonal anti-β-actin and anti-GAPDH (Sigma), monoclonal anti-VP1 (DakoCytomation), polyclonal anti-SRF N-terminus (Novus Biological), polyclonal anti-SRF C-terminus, anti-FLAG, and anti-eIF4γ (Santa Cruz Biotechnology).
Immunocytochemistry
Cells grown on glass slides were washed with PBS and fixed in 4% formaldehyde. Cells were then permeabilized with 0.1% Triton X-100 for 10 min, blocked with 5% bovine serum albumin (BSA) in Tris-buffered saline (TBS) for 30 min. After incubation with primary antibodies at 4 °C overnight and then with anti-rabbit AlexaFluor 594 or anti-mouse AlexaFluor 488 IgG at room temperature for 1 h, cells were washed with PBS and then mounted on slides using VectaShield medium containing 4′,6-diamidino-2-phenylindole (DAPI). Cells were imaged and analyzed using a Leica SP2 AOBS confocal fluorescence microscope.
Real-time quantitative RT-PCR
Total RNAs were extracted from murine HL-1 cardiomyocytes at 24 h post infection. Following reverse transcription, the mRNA levels of SRF and cardiac genes were measured by real-time quantitative PCR using an ABI Prism 7900HT Sequence Detection System as per the manufacturers' instruction (Perkin-Elmer Applied Biosystems) as previously described [20] and normalized to GAPDH mRNA.
Constructs
The pCMV-3×FLAG-SRF construct, a generous gift from Dr Ron Prywes (Columbia University, USA), was used as the template for the generation of site-directed mutagenesis (SRFG349E and SRFG327E mutants). Truncated SRF cDNAs were generated by PCR using the following primers: SRF-N forward 5′-GTC-GACTCTAGAATGTTACCG-3′ and reverse 5′-AGGAGACG-GATCCGCTTCATG-3′; SRF-C forward 5′-CTGAAGTCTA-GAGGCAGCGG-3′ and reverse 5′-ACCCGGGATCCTTTAGAT-CAT-3′. SRF-N and SRF-C cDNAs were subcloned into pCMV-3×FLAG vector using XbaI and BamHI restriction digestions.
Luciferase assay
HeLa and HL-1 cells at 90% confluence in 24-well tissue culture plates were transiently co-transfected with a Firefly luciferase reporter construct containing cardiac α-actin promoter [19] and a Renilla luciferease control vector (Promega) together with plasmids encoding full-length, truncated, or non-cleavable SRFs, and control LacZ. After 48 h, cell lysates were collected and analyzed for firefly and renilla luciferase activities using a dual luciferase reporter assay system (Promega) as per the manufacturer's instruction. The relative luciferase activities were normalized to the LacZ control group and presented as fold changes.
Plaque assay
Virus titer in cell supernatant was measured by an agar overlay plaque assay. In brief, cell supernatant was serially diluted and overlaid on a 90% to 95% confluent monolayer of HeLa cells. After 1 h of incubation, cells were washed with PBS and overlaid with complete DMEM containing 0.75% agar. At 3 days after infection, cells were fixed with Carnoy's fixative (75% ethanol and 25% acetic acid) and stained with 1% crystal violet. Plaques were counted, and the viral titer was determined as p.f.u./ml.
Small-interfering RNA (siRNA)
HeLa cells grown at 50% confluence were transfected with SRF or control siRNAs (Santa Cruz Biotechnology) using Lipofectamine 2000. After 48 h, cells were infected with CVB3 as described above. Cell supernatants and lysates were collected 7 h post infection and analyzed for viral titer and protein expression by plaque assay and western blotting, respectively.
Statistical analysis
Results are expressed as mean ± SD. Statistical analysis was performed with unpaired Student's t-test. P-values < 0.05 were considered to be statistically significant.
